Many industries and laundry release wastewater containing dyes and thereby contaminate water resources. Basic dyes, such as azine and triphenyl methane, are considered as one of the more problematic classes of dye and are classified as toxic colorants [1, 2] . The main problem lies in that the basic dyes cannot be detected visually in neutral and alkaline effluents.
The pH measurements were carried out using a pH meter from Microprocessor pH Meter (HANNA Instruments). The calibration of the pH meter was systematically carried out using suitable buffer solutions. Glass columns of about 25-cm long and 1.5 cm in diameter were employed in the chromatographic separation experiments.
Analytical procedures
The removal of neutral red and rosaniline dyes was carried out by a batch technique at 25°C. Adsorption experiments were carried out by agitating 0.1 g of TPF with 25 mL of dye solutions (5 mg mL -1 ) in a shaker adjusted to the desired shaking speed.
After shaking for 30 minutes, the concentration of remaining dye in the supernatant solution was determined spectrophotometry.
The following equations were used to calculate the removal percentage of dye (%E) and capacity of sorbents (Q, mg/g):
where Co and C are the initial and remain concentrations of dyes in solution, respectively. V is the volume of solution and m is the mass of sorbent.
pH ZPC is the pH when the charge on the TPF surface is zero (zero point charge, pH in which the initial pH equals the final pH).
To determine the pH ZPC of the TPF surface, we take 25 mL of solution in a series of 100 mL flasks whose pH in the range 1-13.
The initial pH (pH i ) of the solutions was determined and 0.1 g of the TPF was added to each flasks. After 24 h, the pH of these solutions (pH f ) was measured. The ΔpH (difference between the initial and final pH values, ΔpH= pH f − pH i ) was plotted against the pH i [30] .
In the dynamic experiments, 1.0 g portions of TPF were packed into a column (25×1.5 cm). Neutral red and rosaniline solutions were passed through the TPF column (L= 12 cm) at flow rate 5 mL min -1 . The stripping of the dye from the TPF column was carried out using (1:1) C 2 H 5 OH: H 2 O and the amount of the neutral red and rosaniline was measured.
For the solid phase spectrophotometric determination of tested dye, the thin film of TPF was separated from the sample solution (after shaking 5 minutes) and washed twice with distilled water. The absorbance of the TPF thin film was measured at appropriate wavelengths. For the semiquantitative determination of neutral red and rosaniline, the colour of TPF cubes after dye sorption were compared with a standard scale of dye concentrations in test tubes [27] .
Results and discussion

Characterization of TPF
The elemental analysis of PUF and TPF showed that the percentage of carbon, hydrogen and nitrogen in TPF is less than in PUF because of the partial hydrolysis of urethane groups.
Further, the percentage of oxygen in TPF is more than in PUF due to addition of tannic acid groups (Table 1) . used for the detection and semiquantitative determination of different analytes in water [20, 27, 28] .
The aim of this study is to highlight the approach of modification of polyurethane foam with tannic acid. Polyurethane foam functionalized with tannic acid (TPF) was prepared by coupling a polyhydroxy polyurethane foam matrix with tannic acid. The highly acidic character of TPF due to the large number of phenolic groups makes it suitable for adsorbing basic organic dyes from wastewater. Therefore, TPF could be used for detection and determination of trace amounts of neutral red and rosaniline dyes in wastewater. The sorption behavior of basic dyes onto TPF has been studied to optimize the conditions for removal of dyes from wastewater.
Experimental
Reagents and materials
All reagents were prepared from analytical reagent grade chemicals and distilled water. 1 mg mL ) to the cold solution and stirred vigorously until the pale yellow color appeared due to the formation of diazonium chloride [29] . Next, the diazotized PUF was filtered, washed with water and boiled in 500 mL water for 2 h. The yellow PPF material was washed with distilled water followed by acetone and then dried at room temperature.
Tannic acid polyurethane foam (TPF) was prepared by mixing 5 g of PPF with 5 g tannic acid in 250 mL of 1 mol L -1 HCl. The mixture was heated at 90 °C for 24 h with continuous stirring.
Afterwards, the yellow-orange cubes of TPF were filtered, washed several times with ethanol and finally with water then dried at room temperature.
Apparatus
All spectrophotometric measurements were performed using spectro UV-Vis RS Digital spectrophotometer (Labomed, Inc).
Kinetic measurements were carried out using cubes of TPF (0.125 cm 3 ) by a batch extraction mode at different time intervals. The required time for sorption equilibrium of neutral red and rosaniline onto TPF was found to be 8 and 5 minutes, respectively. The sorption rate of dye onto TPF is relatively fast as compared to the other sorbents [3, 9] . and intercept were 0.992 and 7.9×10 -5 , respectively ( Table 2 ).
The average capacity (Q) of the TPF for neutral red and rosaniline was 0.47 mmol g -1 . The Q value of TPF for neutral red is greater than for rosaniline, which depends on the molecular size of the dye.
The temperature dependence of sorption of neutral red and rosaniline onto TPF was studied and showed that maximum sorption occurs at low temperatures. Thermodynamic
parameters for the sorption of tested dyes were calculated using the equations:
The densities of PUF and TPF were 13. 
Optimum condition for removal of neutral red and rosaniline
The effect of initial pH on the sorption of neutral red and Determination of azine and triphenyl methane dye in wastewater using polyurethane foam functionalized with tannic acid 21 compared with the spectrum of TPF in Figure 3 . The spectra of the dyed TPF were red shifted from 415 nm to 528 and 551 nm after sorption of neutral red and rosaniline, respectively (Table 3 ).
The method obeyed Beer's law in the concentration range The effect of different salts on the removal of neutral red and rosaniline from wastewater was studied using a batch technique. It was found that 1 mol L -1 of NaCl, KCl, NH 4 Cl, NaF, NaNO 3 or NaHCO 3 do not effect on the removal of dye. NaH 2 PO 4 and Na 2 CO 3 salts reduce the sorption of rosaniline. NaF and Na 2 CO 3 salts reduce the sorption of neutral red. Observed decreases in the percentage of dyes removed in the presence of NaF, NaH 2 PO 4 and Na 2 CO 3 salts are due to changes in the pH of dye solution.
Absorption Spectrum and Calibration Curve
A simple and sensitive spectrophotometric method for the determination of neutral red and rosaniline has been developed.
The quantitative and semiquantitative determination of tested dyes is based on the colour of the TPF surface after the dye is sorbed. The colour of a thin film of TPF (0.1 cm) was changed from yellow-orange to red. The absorption spectra of dyed TPF (after absorbing the neutral red and rosaniline) are 
Dynamic technique
The sorption of neutral red and rosaniline onto TPF columns was studied at different sample solution flow rates. A set of solutions (25 mL) containing 100 mg of dye was passed through a TPF column at flow rates varying from 1 to 30 mL min The height equivalent to a theoretical plate (HETP)
is calculated from the elution curves using Glueckauf Determination of azine and triphenyl methane dye in wastewater using polyurethane foam functionalized with tannic acid 23 
Sorption mechanism
There were many factors that may influence the sorption behavior, such as dye structure and size, sorbent surface properties, stearic effect and hydrogen bonding and van der Waals forces The HETP value is also calculated from the breakthrough curve ( Figure 6 ) using the equation: The effect of various eluting agents like 1 M HCl, 1 M NaOH, NaF, NaNO 3 , NaH 2 PO 4 , CH 3 OH, C 2 H 5 OH, CH 3 OCH 3 , CHCl 3 and C 6 H 6 on the stripping of the neutral red and rosaniline from TPF column matrix was studied. It was observed that the tested dyes could not be eluted with HCl, NaOH, NaF, NaNO 3 , NaH 2 PO 4 , CHCl 3 or C 6 H 6 . CH 3 OH, C 2 H 5 OH and CH 3 OCH 3 were able to completely elute the neutral red and rosaniline from TPF column. respectively. The values of the initial sorption rate, h, for both dyes were much higher than the pseudo-second order rate constant, k 2 , as predicted by the pseudo-second order kinetics [34] . The initial sorption rate, h, and pseudo-second order rate constants, k 2 , for the rosaniline sorption were much higher than for neutral red sorption. This indicates that the rate of rosaniline removal is much faster than neutral red removal. These result indicate that the rate of sorption of dye onto TPF is independent on the size of the dye.
The Benesi-Hildebrand equation ( shows that ion association may be the principal mechanism for the sorption of tested dyes.
A descrease in pH leads to protonation of the oxygen atoms of the TPF and reduces dyes sorption. Increasing pH, decreases the electrostatic repulsion between the positively charged dye ions and the TPF surface, which led to an increase in dye sorption. Maximum sorption was achieved around pH 7-9. Since the dyes contain nitrogen atoms that are capable of hydrogen bonding with OH groups in TPF, they were extracted mainly in the neutral form by a solvent extraction at pH 7. The interaction between neutral red and rosaniline dyes with TPF may be taking place through either weak or strong bonds [31] . The weak bonds could occur due to van der Waals forces. Strong bonds could form through either hydrogen bonding interaction between the nitrogen containing amine groups of dye and TPF surface and/or electrostatic interactions between the cationic dye and negatively charged TPF surface [31] . Finally, one could reasonably suggest that the sorption of basic dyes onto TPF may proceed via a solvent extraction and ion association mechanism.
The sorption of neutral red and rosaniline onto TPF depends on three transport processes: bulk transport of solute in solution, film transfer involving diffusion of solute through a hypothetical film boundary layer and diffusion of the solute within the pore volumes of the sorbent and along pore-wall surfaces to active adsorption sites [33] . In this regard, The Determination of azine and triphenyl methane dye in wastewater using polyurethane foam functionalized with tannic acid Neutral red and rosaniline in wastewater were determined using solid-phase spectrophotometric and visual techniques. A 0.1 cm thin film of the TPF was mixed with a 2 mL of wastewater spiked with 5 and 10 mg of dye. The concentration of neutral red and rosaniline after sorption onto TPF was determined spectrophotometrically. The results are given in Table 6 , which shows the suitability of TPF for water analysis (RSD ~ 1.21 %, n = 5). The results obtained are in agreement with those obtained using a visual comparison to a standard scale of neutral red and rosaniline. When these results were compared with those obtained by using direct spectrophotometric determination of dye, the data were in good agreement ( Table 6) . (Table 7) . These results show that the removal percentage depends on the pH of wastewater.
Neutral red and rosaniline dyes were also removed from untreated laundry wastewater using the batch technique. A 25 mL aliquot of wastewater (pH ~ 12.9) was spiked with 100 mg of neutral red or rosaniline. The percentage of dyes removed from the water samples onto TPF were 48-50%. These results
show that TPF is a suitable sorbent for use in the removal of the basic dyes from wastewater ( Table 7) .
The plot of Qc/C e vs. C e for the experimental data according to the Langmuir model [ 
